Introduction
At the commemoration of Tom Maver's retirement on the eCAADe conference in Graz, many persons who have worked with him thanked him for his role in CAAD research and education. Critical remarks were made in a jesting way about Tom's personal virtues but also in a more general sense on the CAAD domain itself.Tom's companion at the Eindhoven University of Technology, Harry Wagter who has been an ICT consultant since then, remarked that it seemed to him that nothing has changed over the last 15 years. Obviously he wanted to provoke the audience, but he also could demonstrate that the research topics and the researchers themselves have largely stayed the same.Thus, he asked, what has the CAAD community achieved?
Questions about the status of CAAD research arise regularly on different levels and under different circumstances, for example in acquiring international research grants and in the case of national scientific assessments. Concerning the first, recently a new episode started in research funded by the European Community under the name Sixth Framework Programme (FP6). In the first call, thousands of research proposals have been submitted under various themes. Amongst these were many proposals from the design and building domain.The results were dramatic for our research field; not one of the proposals was approved. Concerning the second, at the national level Departments or Faculties are assessed from time to time to determine the research quality. Assessments are conducted by scientific experts on research groups with comparable research aims.The research output of CAAD research consists not only of publications but also systems and sometimes designs.Very fundamental questions arise in these assessments about what exactly scientific research is and how it should be qualified. Apparently there is no common understanding about this, causing confusion which in itself is already bad for the status of CAAD research. Tom Maver's most referenced paper "CAAD's Seven Deadly Sins" [1] lists seven issues to be wary of in CAAD research: macro-myopia, déjà vu, xenophilia, unsustainability, failure to validate, failure to evaluate, and failure to criticise. His critical remarks were an eye-opener for many of us. In this article we will extend on Tom's observations and specifically make a comparison with classical scientific research.The classical sciences Physics and Chemistry have a well established research framework. I will not argue that we should copy this framework, but we should understand how its works.
Research topics
To determine if research makes progress or shifts focus, we looked at the research themes that were used to categorize the papers at the first CAADFutures conference 1985 [2] and at the CAADFutures conference in 2001 [3] .
Carefully studying the research topics one can conclude that some topics have disappeared whilst other have been added. 2D Drafting has been removed from the research agenda, though most of us know that in many architectural practices this is the dominant application of CAD. Related research areas like FEM analysis and CAD/CAM have also disappeared, presumably because these researches have found their own platforms. New techniques like VR and CBR originating from other domains (aerospace, cognitive research) have been added.What is striking is that the adjective "design" is frequently used nowadays on the research topic description.The research focus has shifted from technological aspects like languages and databases to research issues about the cognition and the act of designing.
How does this compare to the traditional sciences? The Nobel prizes in Physics over the last decade have been awarded to researchers who developed a theory and/or made a discovery within the range of the following research topics: cosmic radiation, new state of matter, integrated circuit, quantum structures, quantum fluid, superfluidity, neutrino, and so on. Generally speaking, the major breakthroughs fall in the category of quantum physics and they are applied in nanotechnology.We should keep in mind that Nobel prizewinners are usually rewarded many years after their scientific achievement. One of the means to determine the success is through the publication references that indicate recognition amongst fellow researchers. It is interesting to see how apparently simple and clear research in physics is proceeding. Reading for instance the information about the Nobel prize winners of 2003 [www.nobel.se/physics/], it is easy to see that research in physics is either aiming at a mathematical model for the explanation of an observed phenomenon or aiming at the registration of a phenomenon that is predicted by a mathematical model. Unfortunately in the CAAD domain we lack mathematical models that predict which design aids are missing to create the optimal, excellent design. We also miss clear-cut descriptions of design cognition or design acts that require a more rigorous mathematical-like model to understand what is going on in (computer supported) design.
It is in fact very arguable if such models and descriptions can be established at all.The case of cognitive science, for example, demonstrates also the need of a different, meanwhile respectable scientific discipline, to clearly differentiate from the traditional sciences (see the development of arguments in Haugeland [4] , Flanagan [5] , and von Eckardt [6] ) Also, Simon [7] was one of the first to outline the differences between the traditional sciences and the engineering and design sciences which are involved with inventing, designing, or changing (parts of) the world.
Research approach
In this section we will discuss the CAAD research approach as we find it at most architecture and engineering groups, by comparing it to research in the traditional science domain.We do this using the headings that are typically found in research proposals.
Research team
The research team in CAAD research often consists of a group of persons each of them pursuing their own research goal. Most of the researchers also have a considerable educational role in lecturing, guiding and such activities. Contact between researchers is felt stimulating but is not a condition. In physics and chemistry, research is always situated in a laboratory.Technical personnel are available to support in setting up experiments. A group of researchers is working on one research problem. Obviously each of them works individually but they have a common target.
Research goal
In many cases the research goal in CAAD research emerges from an interesting idea.This approach is very plausible because most researchers have a designer's background. Perhaps one of the best characteristics of designers is that they generate new ideas so fast and easily. From this approach very original research goals can come up that can never be determined by rational reasoning. Research goals in physics seldom are in need of being invented but usually already exist. It seems only a matter of choosing the one that is most interesting, promising or what so ever. Physicists never have to argue that they perform scientific research. All unsolved physical questions are scientific research goals by definition.
Research question
A research goal should bring up new research questions.These questions must be answered before the research goal can be achieved.The problems that are deduced from the questions are broken down in parts that can be studied and solved in isolation.When a problem is solved in physics' research, other physicists will use the solution until there is serious doubt. In CAAD, research questions are raised and solutions are provided for stated problems, but there is however not one solution to a stated problem. Many solutions are suggested for one and the same problem and it is left to the CAAD system user or developer to decide which solution will be accepted. This conquer and survive strategy is a good strategy in itself, but requires that proposed solutions are systematically tested against each other.
Methodology
The methodology part is the critical part of a research proposal. In CAAD research proposals the methodology part is often quite brief and leaves a lot of room for interpretation. In fact, in our field there is a tradition to consider it of great importance that researchers develop their own opinion on the research subject and methodology. Designers can work remarkably well with these ill-defined problems and it leads in many cases to very interesting research projects. In contrast however, the traditional scientist cannot start the research until the research methodology is completely known and clear to him.Writing such a proposal is a major effort and requires an expert from the domain, not a PhD that has just been appointed. For designers writing a comprehensive and fully detailed research proposal for a PhD or project is a strange experience, because it feels like doing what we consider the essence of research while writing the proposal. A traditional scientist will qualify CAAD research as explorative research. We should keep in mind that a major part of research in for instance physics consists of the construction of new equipment and measuring data, rather than the invention of new methodologies.
Scientific significance
The scientific relevance is an almost philosophical issue. In physics' answering this question is obvious because an unknown phenomenon is explained using some mathematical model. In CAAD we cannot build upon undeclared observations, or it should be the design process itself.The typical characteristics of scientific research are that it should be (i) objective, (ii) verifiable and (iii) reproducible. Design as a scientific research phenomenon does not hold for all three characteristics.The main issue here is that we are dealing with cognitive processes that are very hard to measure, to mathematically model, and to repeat under the same conditions. Scientific significance in our case needs to be considered in the context of architecture and engineering.To clarify this, we can make use of an elegant schema proposed by the rector of Eindhoven University of Technology (a chemical scientist) in the context of the discussion about the new Master programs.
The schema shows that Science connects Discovery and Invention. Discovery is based on predictive theory, usually through mathematical models. Invention is based on empirical testing of solutions.The schema also shows that design is not directly related to science but considered as the typical architectural and engineering attitude that brings theory and solution together. As stated earlier in this article, mathematical modelling in the CAAD research is very weak. Creativity, however, as a driver for inventions, is highly present in CAAD research. Preferably all research, including CAAD research, should have a balance between predictive theory and empirical, practical solution.To achieve this, the theoretical modelling should be strengthened.
Relation to other research
Most researchers in both the traditional and CAAD sciences are well aware of other current or past research projects at other research institutes. However, reuse of findings and solutions is not very common in CAAD research. Reuse of mathematical models is relatively straightforward as compared to the reuse of a very good idea. Ideas can have a variety of forms ranging from a clever principle implemented in a schema to a complex system implemented in expensive computer hardware. Reuse requires an open uniform format that allows for a formal description of a finding or solution. 
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Scientific research can have a purely personal motivation, but is nowadays usually framed within a project which in return can be part of a bigger project. In the latter case, research should be managed as a project with a clear goal and a strict planning. CAAD research projects take place on a very small scale compared to projects in physics or chemistry. In the latter disciplines, research resources (personnel and materials) are managed professionally by managerial teams (not researchers) that are fully dedicated to research projects.
Required personnel and equipment
In physics, scientists are usually supported by laboratory technicians. Technicians construct special equipment to perform new tests and measurements, which is often very expensive. In CAAD research the only development of equipment is found on the research of tangible interfaces for design systems [8] .
Utilization
Utilization is almost intrinsically present in all CAAD research.Traditional scientific research however has often serious problems in explaining what the utilization is or might be. Perhaps there is even some fear in CAAD of presenting research results that are not immediately applicable in the design practice.The reason for this attitude is that many CAAD researchers have strong connections with practice, while the design and engineering practice itself does not have the capabilities to transfer research results into practical applications. In chemistry for instance, industries have their own research labs that communicate very easily with researchers from academia. In architecture and engineering only a few large construction companies have research labs.Therefore we face the strange situation that research in CAAD is very utilitarian, yet does not often find its way to practice.
Patents
The mechanism to protect research results from coping by others is patenting. Patents are very scarce in architecture and engineering.This indicates very clearly that inventions are not part of the architectural and engineering business. Consequently most research and development takes place at the universities and research institutes.This situation in return introduces the communication problem as stated in 3.9.
Literature
Traditional sciences have well-established scientific journals that are know even outside the scientific community, such as 'Nature' (since 1869) and 'Science' (since 1883). Journal article reviewing is very rigorous and forms in this way the basic mechanism for discriminating good research from less good (or bad) [9] . Nowadays there is a wealth of scientific journals each addressing a specific research topic.The existence of such a journal is in fact a prerequisite for recognition as a scientific research field. Between these journals there are enormous differences in prestige, number of readers, and cost. Because of its big impact on the scientific recognition and thereby the career of scientific researchers, journals have become more a branding medium than an exchange medium. Publishers play a central role and benefit from this crucial position. Interesting in this respect is the development of electronic journals [10] that allow for immediate access, but which are not controlled by an official publisher.
Societal and economical issues
Governmental institutes like ministries of science and national research foundations have developed instruments to distribute the financial resources over the available research capacity. Obviously these institutes are led by societal and economical motivations and not by scientific motivations exclusively. Since most research nowadays is dependent on these financial resources we will look at the themes and the organization. Between continents and countries there are obviously differences because of cultural difference, but we feel the tenor will be generally applicable. As an example we will look at the Sixth Framework programme that is currently on-going.
Research themes
In the Sixth Framework programme the so-called thematic areas are:
1. Life sciences, genomics and biotechnology for health. 2. Information society technologies. 3. Nanotechnologies and nano-sciences, knowledge-based multifunctional materials and new production processes and devices. 4. Aeronautics and space. 5. Food quality and safety. 6. Sustainable development, global change and ecosystems. 7. Citizens and governance in a knowledge-based society.
A conclusion that can be drawn immediately is that engineering and architectural design in the building and construction area as well as on the urban level is no research issue. For CAAD research the Information Society Technologies (IST) programme could be an option, but as stated earlier, in the first call for proposals in April 2003 all research proposal from the architecture, engineering, building and construction domain were rejected. Apparently the European Union only wants to fund research that produce computer hardware and software innovations. Of course this observation does not say anything about the scientific quality or relevance of the CAAD research, but on the other hand we have to face the fact that our research is not considered of primary societal or economic value.
Research organization
Research themes are determined by other researchers and by industry representatives that advice governmental institutes. Crucial are those people that are invited for these advisory committees. It is not surprising that these committees are dominated by persons who are educated in the traditional sciences. Compared to the rest of academia, this is a very small community. In industries that are highly innovative (micro electronics, chemistry, biomedical) we often find the same people in leading positions. It should not be surprising, that given the comparatively low level of innovation in the building and construction industry, there is hardly any representation on a high level.This situation in turn puts scientific researchers in CAAD in a very weak position relative to the other sciences.
CAAD scientific research
CAAD research has matured and arguably lost some of its deadly sins enumerated in the beginning: macro-myopia, or too big claims in research projects is much less nowadays; déjà vu without proper reference to original sources is decreasing -although still present; and the failures to validate and evaluate are still around, but there is much more attention to rigorous investigation and critique. Nevertheless, there could be more attention to the core issues of architectural design (xenophilia), and this obviously connects to a better understanding of what it is we are making and aiming to support (sustainability). Given these developments, it is obvious to see we can be much more critical in order to bootstrap our efforts and results. To conclude we want to state a long-term strategy that will eventually bring us the recognition for CAAD research that it deserves.
Build your own community
As can been seen in the traditional sciences, it is very important to build a community that has its representatives in the crucial committees.The community should recognize valuable research using transparent methods. Formal descriptions of research results, established channels for exchange of such results, and a critical assessment and recognition of each other's work are basic to this.The community should not only consist of scientific researchers, but should also contain persons that are in leading industry positions and responsible for innovation. Persons with this attitude must be educated by universities.
Establish prestigious journals and prizes
For recognition of research quality, journals like IJAC are critically necessary and prestigious prizes are very helpful. A wealthy person with an interest in CAAD and a huge legacy is most welcome. Other options are that the building industry provides the required funds or perhaps even by collecting fees from the community itself.
Improve quality by natural selection
Most important of all is that we are selective with regard to the quality of research output. Darwins' theory is also valid for scientific research. Selection is the best mechanism to identify the best researches and provide leading examples for the research community. Peer reviewing of research publications is the known procedure to achieve this.
